Surfactin C, produced by acillus subtilis isolated from Korean soybean paste, was given to Sprague-Dawley rats of both sexes at dose of 500, 1000 or 2000 mg/kg for 28 days. There were no surfactin C-related toxicities in survival, clinical signs, and hematological parameters in the experimental period. The highest dose of surfactin C showed the decrease in body weight gain despite normal food and water consumptions and the increase in relative liver weight. alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) levels were increased in animals administered with surfactin C of 1000 or 2000 mg/kg. Zonal necrosis of hepatocyte around the hepatic vein was observed after administration of the same doses in a dose-dependent manner. In the present study, the no-observed-adverse-effect level (NOAEL) of surfactin C was 500 mg/kg following oral administration in rats.
INTRODUCTION
Biosurfactants originated from microorganisms have several advantages as replacements of chemical surfactants, including lower production cost, less toxicity, higher biodegradability and effectiveness at extreme temperatures or pH values. 1, 2) Recently, many researchers have investigated on the potential applications of biosurfactants for the food, cosmetic and pharmaceutical industries. 3, 4) Surfactins produced by Bacillus subtilis are well-known as powerful antimicrobial lipopeptides on the bacteria, fungi and virus. [5] [6] [7] In addition, the lipopeptides have antitumor, fibrinolytic and anti-inflammatory activities. [8] [9] [10] The surfactin isomers are classified into three types, surfactin A, B and C, based on differences of their amino acid sequences. 11, 12) In the previous study, we isolated Bacillus subtilis BC1212 from Korean soy- * To whom correspondence should be addressed: College of Veterinary Medicine, Chungnam National University, 220 Gung-dong, Yuseong-gu, Daejeon 305-764, Republic of Korea. Tel.: +82-42-821-6759; Fax: +82-42-822-5780; E-mail: hiyun@cnu.ac.kr bean paste. Surfactin C was the major component of surfactin isomers. 13) Kikuchi and Hasumi reported that surfactin C enhanced fibrin degradation through both prourokinase (pro-u-PA)/plasminogen and two-chain urokinase (tcu-PA)/plasminogen systems. 14) Recently, it inhibited the overproduction of tumor necrosis factor and nitric oxide induced by lipopolysaccharide in rats. 15) Despite biological beneficial activities of surfactin C, there are no available toxicity data that allow the establishment of a no-observed-adverseeffect level (NOAEL). In the preliminary study, surfactin C did not show any toxicological effects at dose of 2500 mg/kg after single oral administration. This study was performed to evaluate subacute toxicity of surfactin C in Sprague-Dawley rats, being the highest dose of srufactin C 2000 mg/kg.
MATERIALS AND METHODS
Animals --Adult Sprague-Dawley rats of either sex, aged 6-8 weeks with weights of 180-220 g were purchased from Samtaco (Osan, Republic of Korea) and acclimatized for 1 week. The animals were randomly assigned into three groups and kept five per stainless steel cage with 12 hr light/dark cycle in a temperature (22 ± 1 • C) and humidity (50 ± 2%) controlled environment. They were provided with food and water ad libitum during the experimental period. This study was approved by the Animal Care Committee of Chungnam National University (Daejeon, Republic of Korea). Chemicals and Administration --Surfactin C sodium (purity > 98%) was obtained from B & C Biopharm (Yongin, Republic of Korea). Three groups of 30 rats (15 males and 15 female) received the surfactin C by intra-gastric gavages at the dose of 500, 1000 and 2000 mg/kg body weight or distilled water (control) daily for 4 weeks. All rats were observed daily for physiological and behavioral changes. Body weight, water and food intake and weight gain were measured once a week. At the end of the study, all surviving animals were sacrificed for blood analysis, organ weighing, and gross and histopathological examination. Blood Analysis --Prior to necropsy, surviving animals were fasted for 12 hr and anesthetized with diethyl ether. Blood samples were collected from the caudal vena cava and carried out a blood analysis. The heparinized blood was used for a hematological study which included red blood cell count (RBC), hemoglobin concentration (Hb), hematocrit (Ht), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelets (Plt), white blood cell count (WBC) and white blood cell differential count. The non-heparinized blood was allowed to coagulate and then centrifuged to get serum. The obtained serum was assayed for aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), blood urea nitrogen (BUN), lactate dehydrogenase (LDH), total protein, cholesterol and creatinine. Histopathological Examination --Organs such as liver, lungs, heart, spleen, adrenals, kidneys, thyroid glands, testes and ovaries were removed and weighed at the time of necropsy. The organs fixed in 10% formalin for two days. Fixed tissue samples were embedded in paraffin and stained with hematoxillin-eosin dye. The pathological observations of all tissues were performed on gross and microscopic bases. Statistics --Values were expressed as mean ± S.D. The data were evaluated by the one-way analysis of variance (ANOVA) followed by Dunnett's multiple comparison test. A probability level of p < 0.05 was considered as the level of statistical significance.
RESULTS

Clinical Signs
There was no surfactin C-related death at any dose in both sexes. No unusual changes in behavior and intoxication were observed during the 28 day period.
Body Weight Gain, and Food and Water Consumption
The highest dose of surfactin C significantly decreased body weight gains in both sexes from the control (p < 0.05, Table 1 ). There were no differences for food and water consumptions among all experiment groups.
Blood Analysis
There were no significant differences in the hematological parameters among the control and the experimental groups (data not shown). The effects of surfactin C on biochemical parameters are summarized in Table 2 . ALT, AST and ALP levels were significantly increased in the groups administered with surfactin C 1000 or 2000 mg/kg, comparing with the control (p < 0.05).
Relative Organ Weights
The relative organ weights are summarized in Table 3 . Organ weights in all experimental groups were not significant differences comparing with that of control group, except the liver. The liver from animals administered with 1000 or 2000 mg/kg of surfactin C showed significant increase in both sexes (p < 0.05).
Histopathological Findings
There were no evidences showing toxic effects of surfactin C, except in liver tissues. Zonal necrosis of hepatocyte around the terminal hepatic vein was observed in the liver of animals administered with surfactin C 1000 or 2000 mg/kg (Fig. 1) . However, 500 mg/kg of surfactin C did not show any toxicological alteration in the livers. 
DISCUSSION
Surfactin C produced by Bacillus subtilis has a variety of biological activities, being generally known as a biosurfactant with low toxicity. 4, 16) Kikuchi and Hasumi 14) reported that the i.v. LD 50 of surfactin C was at > 100 mg/kg in mice. However, the evaluation of surfactin C in repeated administration has not been reported. We performed the present study to establish a safety level of surfactin C through orally repeated administration during 28 days.
Oral administrations of surfactants are known to cause cytotoxicity in epithelial cells of the intestinal mucous membrane and to influence the rate of gastric emptying by increasing gastro-intestinal motility. [17] [18] [19] In this study, 2000 mg/kg of surfactin C decreased body weight gain despite normal food and water consumption. It is assumed that activities of surfactin C on the surface of gastro-intestinal tract lead to the altered absorption of nutrients and the injury of the mucosal membrane. Biological effects of surfactin C in the gastro-intestinal tract should be further clarified.
Antiplatelet and antithrombotic compounds induce systemic and/or cerebral haemorrhages as the compound-related adverse effect. 20, 21) Sufactin C was found to have fibrinolytic, anticoaguant and antithrombotic activities through inhibition of platelet aggregation in vitro. 8, 12) These findings suggest that surfactin C may have potential toxicity in the hematopoietic system due to its anti-coagulant effects. However, surfactin C-related toxicities in hematological parameters and histopathological observation of hematopoietic organs were not found in our study.
However, repeated administration of surfactin C 1000 or 2000 mg/kg significantly increased serum ALT, AST and ALP levels, which indicated the necrosis of hepatocyte. The relative liver weights in animals treated with the same dosages of surfactin C also showed significant increases in comparison with the control (p < 0.05). In histopathological study, the hydropic necrosis of hepatocyte was also occurred in a dose-dependent manner. These results indicate that above 1000 mg/kg of surfactin C can cause structural and functional alterations in the liver tissue.
In conclusion, 500 mg/kg of surfactin C did not show any toxic effects during the experimental period. In this study, NOAEL of surfactin C can be suggested the 500 mg/kg. Further studies for the chronic toxicity of surfactin C are needed for its practical applications in the food, cosmetic and medical fields.
